ABSTRACT Laboratory experiments were conducted to compare the preimaginal survival, development rate, adult weight, and sex ratio of 3 Coleomegilla maculata DeGeer populations feeding on Leptinotarsa decemlineata (Say) eggs and pea aphids, Acyrthosiphon pisum (Harris). Preimaginal survival of C. maculata from Iowa, Rhode Island, and Honduras reared on L. decc1Illineata eggs alone ranged from 1.7 to 30%. The highest mortality of C. 1Ilaculata immature stages occurred during the early (1st and 2nd) stadia. Higher preimaginal survival for Rhode Island population (30%) than for Iowa (5%) and Honduras (1.7%) populations suggests that C. maculata in Rhode Island may be better adapted to feeding on L. dece1ll1ineata eggs as early instars. Development of C. maculata at 26°C was slowest (18 d) on L. dece1ll1ineataeggs alone and fastest (13 days) on pea aphids alone. However, when 1st and 2nd instars ofC. maculata were provided with aphids, followed by L. dece1ll1ineataeggs, there was no observed delay in larval development. Older C. maculata larvae readily feed on L. decemlineata eggs, and in the presence of additional prey such as aphids for early instars, L. decemlineata eggs alone are an adequate diet for subsequent C. maculata development and survival.
PREDATORY ARTHROPODS USEingested prey for survival, development, and reproduction (Slansky and Rodrip; uez 1987 uez , Crawley 1992 . When prey is suitable and consumption of prey is high, a greater proportion of predators will survive, complete their development faster, and more fecund females will be produced (Holling 1961 , Slansky and Rodriguez 1987 , Crawley 1992 .
Coleomegilla maculata DeGeer, a predatory coccinellid widely distributed east of the Rocky Mountains in North America Tauber 1978, Gordon 1985) , is one of the common insect predators in potato agroecosystems in northeastern United States (Obrycki and Tauber 1985 , Groden et al. 1990 , Hazzard and Ferro 1991 , Hazzard et al. 1991 , Hilbeck and Kennedy 1996 . This polyphagous coccinellid feeds on many items, such as pollen, aphids, insect eggs, and other soft-bodied insects (e.p;., Conrad 1959 , Hodek 1973 , Mack and Smilowitz 1982 , Gordon 1985 , Obrycki and Tauber 1985 , Giles et a1.1994 , Pilcher et aI.1997 . C. maculata also preys upon the eggs and larvae of the Colorado potato beetle, Leptinotm'sa decemlineata (Say), (Groden et al. 1990 , Hazzard and Ferro 1991 , Hazzard et al. 1991 , Olkowski et al. 1992 , the most destructive insect pest of potatoes, Solanum tttberosum L., in the United States. C. maculata is the most important natural enemy attacking 1st generation L. decemlineata eggs in Massachusetts, preying upon 50% of eggs (Hazzard et al. 1991) .
Studies have shown that factors such as temperature and the quality or quantity of prey influence C. maculata development (Putman 1957; Smith 1961; Smith 1965a, b; Atallah and Newsom 1966; Obrycki and Tauber 1978; Pilcher et al. 1997) . However, with the exception of the study by Hazzard and Ferro (1991) , little attention has focused on the development of C. maculata when feeding on eggs and larvae of L. decemlineata. Hazzard and Ferro (1991) found that 79% of C. maculata survived to adults when reared on L. decemlineata eggs alone. However, in preliminary developmental studies conducted in Iowa (Munyaneza 1996, unpublished data) , survival of C. maculata larvae on L. decemlineata eggs was typically <10%.
Coleomegilla maculata is widely distributed in North, Central, and South America (Gordon 1985 , Castro 1993 ). This polyphagous coccinellid may have adapted to feeding and developing on L. decemlineata, depending on its exposure to this prey. Also, crossing studies conducted by L. E. Gomez and }.}.O. (unpublished data) between C. maculata from Iowa and Honduras indicated that these coccinellids may belong to different subspecies or species rather than different populations.
The objectives of this study were to compare preimaginal survival and developmental time and 0046-225X/98/0117-0122$02.00/0 © 1998 Entomological Society of America selected adult characteristics (weight, sex ratio) of 3 populations of C. maculata feeding on L. decemlineata eggs and pea aphids, Acyrthosiphon pisum (Harris).
Materials and Methods
Adult C. maculata were field-collected from Story County, Iowa; Washington County, Rhode Island; and El Paraiso (Honduras) in July 1995. Mating pairs were maintained at 26 ± 1°C and a photoperiod of 16:8 (L:D) h. They were provided with water, a 1:1 mixture of honey and Wheast (Qualcepts, Minneapolis, MN), pea aphids, and green peach aphids, Myzus persicae (Sulzer). Each mating pair was held in a 0.24-liter (0.5-pint) cage covered with a piece of white organdy cloth. Oviposition was checked daily, and egg clusters were collected and incubated at 26 ± 1°C. On the day of hatching, each 1st instar was transferred to a separate glass vial ("'"10 ml). L. decemlineata eggs used in the experiment were from colonies maintained at 26 ± 1°C and a photoperiod of 16:8 (L:D) h on greenhouse-grown potato ('Red Pontiac') plants.
First-instar C. maculata from each population were assigned to 4 diet treatments: pea aphids, L. decemlineata eggs, and 2 mixtures of pea aphids and eggs. In one aphids-eggs treatment, pea aphids were provided only to 1st instars and L. decemlineata eggs alone to older instars; in the other treatment, 1st and 2nd instars received pea aphids, followed by L. decemlineata eggs only.
Larvae were individually reared to adults, at 26 ± 1°C and a photoperiod of 16:8 (L:D) h. They were provided with an excess of prey daily and checked for molting. The developmental time was recorded for each preimaginal stadium. The 4th instar included the prepupa, an immobile stage preceding the pupal stage. Approximately 24 h after adult eclosion, sex and weight were recorded. Each diet treatment was replicated 3 times for each population; there were 20 individuals in each replicate.
Results were analyzed by using SAS general linear models procedure (SAS Institute 1985) . Two-way analysis of variance (ANOVA) was used to test for differences in adult survival, developmental time, adult weight, and sex ratio of C. maculata feeding on 
Results
There were no significant differences between diet treatments and C. maculata populations on preimaginal survival (ANOYA, F = 2.56; df = 6, 30; P < 0,0721), total preimaginal developmental time (ANOYA, F = 0.97; df = 6,30; P < 0.4818), adult weight (ANOVA, F = 1.12; df = 4,23; P < 0,8852), and sex ratio (ANOVA, F = 1.08; df = 4,23; P < 0.9547). There were significant differences in preimaginal survival on A. pisum, L. decemlineata eggs, and the combination of A. pisum and eggs for each C. maculata population (Table 1) . However, there were no significant differences in survival to adult on the different diets among the three populations, except for C. maculata reared on L. decemlineata eggs only (Table 1) , The lowest percentage survival was observed for individuals reared on L. decemlineata eggs (1.7, 5, and 30% for Honduras, Iowa, and Rhode Island populations, respectively), whereas those reared on A. pisum alone had the highest adult survival (78,3, 80, and 85% for Honduras, Iowa, and Rhode Island populations, respectively) ( Table 1) .
Within populations, preimaginal survival was higher for C. maculata fed A. pisum as 1st and 2nd instars than for those provided A. pisum to 1st instars only (Table 1) .
The highest mortality of C. maculata immature stages reared on the different diets occurred during the early (1st and 2nd) instars in all the populations (Fig. 1) . Observations with a light microscope indicated that very young 1st instars did not feed on L. decemlineata eggs. Late 2nd instars, however, were observed feeding on L. decemlineata eggs,
Comparisons of the preimaginal stage and total developmental times among diets within each population showed significant differences (Tables 2 and  3 ), but there were no significant differences in the total developmental time on each diet among the 3 populations (Table 3) Means followed by the same letter within columns are not statistically different at P < 0.05.
• ANOVA: df = 3, 9 for each population; df = 2, 8 for each diet except df = 2, 4 for eggs only.
/, Mean ± SO for Iowa and Honduras populations.
ENVIRONMENTAL ENTOMOLOGY
Vol. 27, no. 1 spectively) (Tables 2 and 3 ). C. maculata fed L. decemlineata eggs after A. pisum for 1st and 2nd instars had a shorter total developmental time than those provided with A. pisum as 1st instars only (Tables 2 and 3 ). This pattern was consistent for the 3 populations (Tables 2 and 3 ). The developmental times of 1st and 2nd instars feeding on L. decemlineata eggs only were generally longer than the times for those feeding on aphids (Table 2) . Iowa and Honduras C. maculata females developing on the different diets, as larvae, weighed more than males (Table 4) . In contrast, differences in weight between C. macu/ata females and males, when reared on same diets, were not statistically different for the Rhode Island population (Table 4) . There were no significant differences in weight among either males or females within each population when fed the different diets (Table 4) . Similarly, there were no significant differences in weight between males or females reared on the same diets across the different populations (Table  4) .
Sex ratio within and among the different populations did not vary significantly when fed on the different diets (Table 5) .
Discussion
Preimaginal survival of C. maculata reared on L. decemlineata eggs was 1.7,5.0, and 30.0% for Honduras, Iowa, and Rhode Island populations, respectively. Previously, 79% of C. maculata in Massachusetts survived to the adult stage when reared on L.
decemlineata eggs (Hazzard and Ferro 1991) . In the current study, the greatest mortality of C. macu/ata immature stages occurred during the early (1st and 2nd) instars for all the populations. Observations with a light microscope indicated that young 1st instars «24 h old) of C. maculata were not able to feed on L. decemlineata eggs. However, late 2nd instars were observed feeding on L. decemlineata eggs. One possible explanation for these observations is that the L. decemlineata egg chorion is too hard for the soft mouthparts of young 1st instars, but this does not explain the differences in survival observed between the Rhode Island population and the other 2 populations.
decemlineata occurs in
Iowa and Honduras but is not considered a pest there; its densities are generally low. In contrast, 1. dcccmlincata is the major pest of potatoes in northeastern United States, including Rhode Island (e.g., Lashomb and Casagrande 1981 , Hare 1990 , Hazzard et al. 1991 , Olkowski et al. 1992 ). This suggests that C. maculata are frequently exposed to 1. decemlineata eggs in Rhode Island and has probably adapted to feeding on 1. decemlineata eggs as young larvae.
This type of intraspecific variation may explain the relatively high C. macu/ata survival observed in Massachusetts (Hazzard and Ferro 1991 Krafsur et al. 1995) .
Another factor that may explain this high C. maculata survival observed in the Hazzard and Ferro (1991) study is the time oflarval transfer to different diets after hatching.
Cannibalism, especially by young larvae, is a common phenomenon in coccinellid species (Agarwala and Dixon 1992) . After hatching, C. maculata larvae typically feed on C. maculata unhatched eggs and hatched egg chorions.
Thus, if this feeding persists for several hours, the larvae increase in size and the probability of then successfully consuming 1. decemlineata eggs may increase. Therefore, transfer of older 1st instars may result only in greater survival of subsequent stages and thereby in greater preimaginal survival. In our study, the larval transfer occurred immediately after eclosion.
Similar to results reported by Hazzard and Ferro (1991) In most of the instances, females weighed more than males regardless of the diet on which they had been reared. These results were expected because C. maculata females typically are larger than males. Pilcher et al. (1997) Results of our study also indicated that there were no significant differences in weight between males or females among diets or across populations (Table  4) . Thus, based on weight characteristics, we conclude that 1. decemlineata eggs provide nutrients similar to those by aphids. There was no indication of significant differences in sex ratio of adults reared on the different diets or among populations.
Therefore, the sex ratio of C.
maculata is not affected by 1. decemlineata eggs as prey. Phoofolo and Obrycki (1997) are common in potato fields (e.g., Obrycki and Tauber 1985 , Groden et al. 1990 , Hazzard and Ferro 1991 . Groden et al. 1990 and Hazzard and suggested that high densities of aphids in potatoes would decrease the C. maculata predation of 1. decemlineata eggs. However, the presence of aphids in potato fields would increase C. maculata larval survival and development, especially for early instars, and thereby enhance the persistence of populations of C. maculata in potatoes.
